To whom correspondence should be addressed: Björn Hamberger, Plant Biochemistry Laboratory, were examined using light microscopy, we found that cells of the root cork contained oil body-like 7 structures (hereafter termed oil bodies) with a typical distribution of one oil body per cell of the root 8 cork (Fig. 1B) . These oil bodies appeared to be highly characteristic of the cork tissue, since they were 9 not found in other cell types of the root. In sections of younger parts of the root, the oil bodies appeared 1 0 yellow and occurred as single compartments within the cytoplasm of the immature cork cells (Fig. 1B) .
1
The color and pigmentation of oil bodies was observed to change with tissue maturation, possibly 1 2 indicating developmental changes in their metabolite profile (Fig. 1B) . In addition, cells containing 1 3 more than one oil body were occasionally seen in older tissue (Fig. 1C) . Further microscopy of other 1 4 tissues revealed only sporadic occurrence of oil bodies in stem cork tissue (Supplemental Fig S1) .
5
To probe the nature of the oil bodies, histochemical staining was performed with Nile Red (9-1 6 diethylamino-5H-benzo-[α]-phenoxazine-5-one). Nile Red is a selective lipid-specific dye that is 1 7 strongly fluorescent only in a hydrophobic environment. Its emission spectrum shifts depending on the presence of neutral lipids (Diaz et al., 2008) . Confocal laser scanning microscopy of C. forskohlii root 2 0 cork stained with Nile Red indicated that the observed structures were indeed oil bodies and that the 2 1 composition of the lipophilic content was heterogeneous. Both neutral (Fig. 1D ) and polar ( Fig. 1E) 2 2 lipophilic compounds were observed to be non-uniformly distributed in the oil bodies with globules of 2 3 neutral lipids dispersed in a predominantly polar lipid matrix ( Fig. 1D-F ). in vitro assays, supplied with appropriate substrates and the reaction products were analyzed by GC-1 MS. Products of the in vitro single assays with the class II diTSPs, CfTPS1 and CfTPS2, were treated 2 with alkaline phosphatase before GC-MS analysis.
3
Enzyme assays with CfTPS1 yielded a diterpene with a mass spectrum matching copal- 15-ol, 4 indicating that the primary product before dephosphorylation is copalyl diphosphate (Fig. 7A ). Assays 5 of CfTPS2 resulted in the formation of 13(16)-14-labdien-8-ol and labd-13-en-8,15-diol as major 6 products ( Fig. 7B) , supporting a function as labda-13-en-8-ol (or copal-8-ol) diphosphate synthase, 1 5 and localization to the cork of the C. forskohlii root suggest additional functions of oil bodies in the 1 sequestration of specialized metabolites and possibly plant defense (as discussed above). CfTPSs and substantiated them with functional characterization.
4
Originating from a class I/II bifunctional diTPS progenitor, angiosperm and gymnosperm diTPSs are EKS and EKS-derived enzymes (Chen et al., 2011) . Additional clades of bifunctional or mono-1 7 functional diTPSs exist outside of the angiosperms (Zerbe et al., 2013) . Within the two clades of class I 1 8 and class II diTPSs, several branches of angiosperm diTPSs involved in specialized metabolism 1 9 indicate events of lineage-specific diversification through gene duplication and neo-functionalization.
0
Events of neo-functionalization may be limited to recruitment of the enzyme to a novel pathway, yet functions (Gao et al., 2009; Caniard et al., 2012; Sallaud et al., 2012) . Results from our work in C. functional characterization of CfTPS2 and CfTPS3 suggest that these two enzymes are involved in the 7 early steps of forskolin biosynthesis via (13R) manoyl oxide in the root of C. forskohlii (Fig. 9 ).
8
Transcript profiles of CfTPS4 would make a similar conclusion for this diTPS less obvious. Racemic 9 mixtures of (13R) and (13S) manoyl oxide have previously been reported as artifacts or side products 1 0 of enzyme assays (Caniard et al., 2012; Zerbe et al., 2013 ), a result also described here in our in vitro 1 1 assay with CfTPS2 and CfTPS4. However, the stereospecific cyclisation of GGPP into the (13R) well as with the absence of the (13S) epimer of manoyl oxide in the plant tissues analyzed (Fig. 4) .
6
While the significance of (13R) manoyl oxide is attributed to its role as a forskolin precursor, manoyl For the diterpene profiling of isolated oil bodies, extracts were lyophilized and then dissolved in sucrose, 20 mM HEPES, 100 mM KCl, 2 mM MgCl 2 , pH 10.5) was overlaid (5 mL of B for 25 mL of 1 2 supernatant) and samples were centrifuged for 40 min at 5000 g. The resulting floating oil bodies were 1 3 collected carefully from the surface layer. Mining of the C. forskohlii databases was performed as previously described (Zerbe et al., 2013) , using 1 7 tBLASTn software and known angiosperm diTPSs as query (CPS and EKS) and guided full-length
cloning of a number of putative class I and class II diTPS genes. Total RNA from C. forskohlii roots, 1 9 extracted as previously described (Hamberger et al., 2011) , was used for cDNA synthesis. First strand 2 0 cDNA was synthesized using the Takara PrimeScript 1 st strand cDNA synthesis kit and oligo-dT
primer. Cloning of the putative diTPS genes was achieved after PCR amplification using gene specific 2 2 primers that were designed based on the in silico sequences of the identified CfTPS genes 2 3
(Supplemental Table S1 ). PCR products were cloned into the pJET1.2 vector and verified by 2 4
sequencing. Total RNA from C. forskohlii root cork was extracted according to Hamberger et al., (2011) and further 9 purified using the Spectrum Plant Total RNA Kit (Sigma) while total RNA from leaves, flowers, stems
and root cortex and stele was extracted using the Spectrum Plant Total RNA Kit (Sigma). RNA 1 1 extraction was followed by on-column DNase I digestion. The integrity of RNA samples was evaluated 1 2 using the RNA-nano assay on the Agilent 2100 Bioanalyser (Agilent Technologies). First-strand 1 3 cDNAs were synthesized from 0.5 µg of total RNA, with oligo-dT primer, using the "SuperScript III in exon-intron spanning regions of the TIF4a (Translation Initiation Factor 4a) and EF1a (Elongation
Factor 1a) reference genes. Quantitative real-time PCR reactions were performed with gene specific 1 8
primers (Supplemental Table S1 ) and Maxima SYBR Green/Fluorescein qPCR Master Mix 1 9
(Fermentas) on a Rotor-Gene Q cycler (Qiagen). The PCR reactions were performed using the 2 0 following cycling parameters: 95°C for 7 min (enzyme activation), 35 cycles of 95°C for 15 s, 60°C for 2 1 30 s and 72°C for 30 s followed by a melting curve cycle from 60°C to 90°C. TIF4a and EF1a were 2 2 used as reference genes as they showed the lowest variation across different tissues. No statistically 2 3 significant differences were observed between the results obtained from the 2 different reference genes.
4
The results were normalized with TIF4a. Relative transcript abundance was calculated as the mean of Inc. and subsequently cloned into the same vector (sequence is given in Supplemental Table S3 ). Binding buffer (20 mM HEPES (pH 7.5), 0.5 M NaCl, 25 mM Imidazole, 5% glycerol), one protease 1 6
inhibitor cocktail tablet per 100 mL (Roche) and 0.1 mg/L lysozyme were added to the cell pellet cycle 30%, output control 2-3, 1/4" tip). The cell lysate was centrifuged for 25 min at 12000 g and the 1 9 supernatant was subsequently used for purification of the recombinant proteins. Proteins encoded by C. n-hexane (Fluka GC-MS grade) was gently added as an overlay. Assays were incubated for 60 min at 2 8 30°C and ~70 rpm and the hexane overlay was subsequently removed for GC-MS analysis. infiltrated with the same agrobacteria mixture). For the gas chromatography-mass spectrometry (GC-MS) analysis of N. benthamiana leaves 1 7
expressing the CfTPSs and specific C. forskohlii tissues, 500 µL GC-MS grade hexane was added to 2 1 8 leaf discs (Ø=3 cm) in a 1.5 mL glass vial. Samples were incubated at room temperature for 1 h in a 1 9
Roto-Shake Genie® revolving at 40 cycles/min. After extraction, the solvent was transferred into new 2 0 1.5 mL glass vials and stored at -20°C until GC-MS analysis. 1 µL of hexane extract was injected into 2 1
a Shimadzu GC-MS-QP2010 Ultra. Separation was carried out using an Agilent HP-5MS column (30 2 2 m × 0.250 mm i.d., 0.25 µm film thickness) with purge flow of 1 mL min -1 , using helium as carrier gas.
3
The GC temperature program was: 50°C for 2 min, ramp at rate 4°C min -1 to 110°C, ramp at rate 8°C and (13S) manoyl oxide was performed as previously described (Demetzos et al., 2002) . For the GC-
4
MS analysis of hexane extracts from in vitro assays using GPP as substrate, the parameters used were:
5 2 min at 50 °C, ramp to 140 °C with 20°C/min, ramp to 320 with 10°C/min to 320 and hold for 3 min.
6
1µL was injected in splitless mode at 250°C and the system was set in constant velocity mode with a 7 linear velocity of 59.8 cm/sec using H 2 as carrier gas. Solvent cutoff was set to 3.5 min. Bank with accession numbers: CfTPS1, KF444506; CfTPS2, KF444507; CfTPS3, KF444508; CfTPS4, We thank Dr. Damian Drew for critical reading of the manuscript and Dr. Carl Erik Olsen for excellent 1 7
technical assistance with the LC-MS metabolomics. We also thank the green house service personnel We are grateful to Jason Goodger (University of Melbourne, School of Botany, Australia) for providing 2 0 a clone of SfCIN. Imaging data were collected at the Center for Advanced Bioimaging (CAB)
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